Anopheles (Nyssorhynchus) darlingi is the main malaria vector in the Amazon Basin (Deane 1947 (Deane , 1988 . In addition to its role in the transmission of Plasmodium falciparum, this mosquito is also a vector of other species of Plasmodium (Klein et al. 1991) . Its geographical distribution and density are intimately related to malaria; this mosquito is frequently found infected with the parasite, and sometimes by more than one type of Plasmodium (Tadei et al. 1998) . Its extensive distribution ranges from Eastern Mexico to Northern Argentina (Forattini 2002) .
Not only is An. darlingi morphologically undistinguished across its broad range, but its habits can vary with location. Studies in the state of Amapá demonstrated a significant increase in the density of An. darlingi at the end of the rainy season, and also a pronounced peak in nocturnal activity (Voorham 2002) . In contrast, studies in Pará showed an earlier, pronounced hematophagic activity at dusk (Tadei et al. 1998) . In a similar study in the Bolivian Amazon, activity occurred after dusk, between 19:00 and 21:00 h (Tadei et al. 1983) . In Rondônia, occasionally this species shows very low after-dusk activity, and its annual density peaks vary depending on the proximity of large water bodies (Harris et al. 2006) . In riverside communities, density peaks coincide with the end of the rainy season between April and May; but in some agricultural areas, the population increases only during the second half of the dry season (September and October) (Gil et al. 2003) . This plasticity in hematophagic activity can result in an increase of the vector potential, and control strategies should be locally or regionally adapted according to the differences in its contact with humans.
Because of the inefficiency of the techniques such as morphological analysis, polytene chromosomes, biochemistry analysis (isoenzymes) used to identify the variations within species, molecular tools have been used to characterize different populations. The importance of studies done with mitochondrial DNA (mtDNA) genes is increasing, because of their exclusive properties. In the great majority of cases, the mitochondrial genome consists of a small, circular molecule with conserved genetic content (only 37 genes) and a simple genomic structure (maternal inheritance, absence of recombination, intergenic areas small or absent, and absence of introns, repetitive DNA, pseudogenes and transposable elements) (Moritiz et al. 1987) . The molecule evolves about 5-10 times faster than the rate of nuclear genes (Brown 1985 , Moritiz et al. 1987 , Harrison 1989 . These and other characteristics make it a good molecular marker for use in population studies. From the data on the mtDNA sequences, we can assess phylogenetic relationships among populations (Yamauchi et al. 2004) .
The aim of this study was to analyze the genetic relationships within An. darlingi populations in the vicinity of Porto Velho, and to understand the annual seasonal variability.
MATERIALS AND METHODS
Mosquito collection -Mosquitoes were collected at dusk (from 18:00 to 22:00 h) according to their highest density period (Gil et al. 2003 ) (08° 48' 34.3" S 63° 56' 34.3" W) , and Vila Candelária (CA) (08° 47' 17.8" S 63° 55' 00.5" W). Captures were performed acording to Gil et al. (2007) by trained volunteers supervised by the authors of this paper. Mosquitoes were identified as An. darlingi using a key for species of the subgenus Nyssorhynchus of America (Consoli & Lourenço-de-Oliveira 1994) . The identified specimens were immediately immersed in isopropanol for preservation and subsequent extraction of DNA. The collections were carried out in collaboration with researchers from Instituto de Pesquisa em Patologias Tropicais (IPEPATRO) and from the Tropical Medicine Research Center (CEPEM), both from Porto Velho. All four locations are along the Madeira River. PT and SA are the most distant from Porto Velho. BA and CA are located much closer to one another, in the outskirts of Porto Velho (Fig. 1) .
Extraction of DNA -Using Chelex ® Molecular Biology Grade Resin (Bio-Rad Laboratories, Hercules, USA), DNA was extracted from mosquitoes individually, following the manufacturer's recommendations.
Amplification reaction -Amplification reaction was conducted according to the protocol of GorrochoteguiEscalante et al. (2000), with modifications. Amplification was done in a final volume of 25 ml, using 1 ml of the DNA sample, Tris-HCl 10 mM pH 8.0, 50 mM KCl, 1.5 mM MgCl 2 , 100 µM dNTPs (PCR nucleotide mix, Invitrogen, Carlsbad, USA), 20 mM of the specific oligonucleotides of the ND4 gene, ND4F (5´-TGATTG-CCTAAGGCTCATGT-3´) and ND4R (5´-TTCGGCTTC-CTAGTCGTTCAT-3´) (Invitrogen), and 1.0 U of Taq DNA polymerase (Biotools, Madrid, Spain). Amplification reactions were done in a Whatman Biometra (T Gradient) thermocycler with temperature cycles of: three cycles of 94°C/2 min, 37°C/2 min, and 72°C/1 min, followed by 35 cycles of 94°C/30 s, 50°C/30 s, and 72°C/ 1 min, with a final extension cycle of 72°C/5 min.
Purification of mtDNA reaction -Polymerase chain reaction (PCR) products were submitted to electrophoresis in agarose gel according to Sambrook et al. (1989) . Specific bands generated by the PCR reaction were purified with the Kit Concert Gel Extraction Systems (Gibco BRL, Invitrogen, Carlsbad, USA).
Data analysis -Products of the sequencing reaction were analyzed in an ABI Prism 377 sequencer. Chromatograms were manually corrected using Chromas 1.45 (Technelysium Pty. Ltd). The ND4 gene sequences (20 different haplotypes, GenBank accession numbers EU204621 to EU204640) were obtained from the PCR products and analyzed with the program MERGER (http:/ /bioweb.pasteur.fr/seqanal/alignment/intro-uk.html) in order to construct a consensus sequence from each mosquito sample. These sequences were aligned using Clustal W (Thompson et al. 1994 ) and misaligned nucleotides were manually adjusted. The program MEGA (Kumar et al. 2001 ) was used to perform phylogenetic and molecular analysis. Distance (Neighbor Joining, NJ) and parsimony methods were used to construct phylogenetic trees (Saito & Nei 1987) using Kimura 2 parameters distance (Kimura 1980) . A heuristic search was done to find all the most parsimonious trees. The robustness of NJ trees was tested by bootstrapping using 1,000 repetitions (Felsenstein 1985) . Nucleotide sequences and haplotype frequencies were calculated using DnaSP version 3.5 (Rozas & Rozas 1999) . Genetic analysis of population differentiation, haplotype diversity index, Mantel correlation, and Chakraborty index were calculated with Arlequin 3.0 software (Excoffier et al. 2005) . Mantel correlation was obtained by comparing the linearized F ST (F ST /1-F ST ) matrix with a log of the geographical distance matrix. Variations among, within, and between collections were partitioned by analysis of molecular variance (AMOVA) using the computer program Arlequin 3.0 ( Excoffier et al. 2005) .
RESULTS
We analyzed a 249 bp ND4 gene fragment from 218 individuals from two collections. The fragment of the ND4 gene from 116 individuals collected in April 2005 was sequenced, revealing 13 haplotypes. Of the total number of polymorphic sites, five were singletons and 14 were parsimoniously informative. The populations showed a median number of nucleotide differences κ = 2.812, with index of nucleotide diversity π = 0.01134, and haplotype diversity Hd = 0.731. The gene fragments from 102 individuals collected in October 2005 were sequenced; in this case we detected 17 different (10 haplotypes were shared between April and October) haplotypes. Of the total number of polymorphic sites, nine were singletons, and 10 sites were parsimoniously informative. The populations showed a median number of nucleotide differences (κ = 3.065), with index of nucleotide diversity π = 0.01236, and Hd = 0.781. Analysis of the four populations from both periods indicated no clear correlation between genetic distance and geographical distance (r 2 = 0.048; Mantel p > 0.1). Unlike the analyses of the first collection, where in April, CA population showed the highest nucleotide diversity (0.0137) and PT showed the lowest one (0.0097) in October, BA population showed the highest nucleotide diversity (0.0132), and the CA population the lowest diversity (0.0111).
When we compared the mosquitoes collected in different months in 2005 (Fig. 2) , we found that 10 of 20 haplotypes were present in both collections. In April, three exclusive haplotypes were present, and in October there were seven. All the exclusive haplotypes were present in very low frequencies; in most cases, only one individual harbored the haplotype. F ST pairwise population differentiation analysis was significant only between the two populations of PT (F ST = 0.08; p < 0.05). Comparison of the mosquitoes collected in the two different periods (April and October) revealed no significant differentiation (F ST = 0.005, p = 0.2). The AMOVA test showed no evidence of structure within populations. Most of the genetic differentiation (99.86%) was explained when we made a pairwise comparison of individuals, independent of the collection point or the collection period. Also, when we compared the haplotype diversity of each population from the two periods (Fig. 3) , it was possible to observe different patterns. There was a significant increase in the number of the haplotypes from what is expected from a normal distribution (Table) . This may indicate the presence of sub-populations. Phylogenetic analyses carried out by tree topology (Fig.  4) did not show clear mitochondrial lineages among the 20 haplotypes found in the Brazilian populations of An. darlingi. Haplotypes from mosquitoes collected in different periods were distributed homogeneously on the tree.
DISCUSSION
The results showed high polymorphism in the sequenced region of the ND4 gene. Of the 218 mosquitoes analyzed, we obtained 20 different haplotypes with an index of diversity of 0.756 (mean of the two collections) and a nucleotide diversity of 0.0119. Similar nucleotide diversity was obtained by Conn et al. (1999) with An. darlingi from Brazil, Bolivia, and Venezuela, in that case through the use of restriction enzymes. Other investigators have obtained similar indexes from other mitochondrial genes for other neotropical anophelines such as Anopheles rangeli and Anopheles trinkae from Bolivia and Ecuador (Conn et al. 1997) , and Anopheles nuneztovari from Brazil (Conn et al. 1998) . Like the Nearctic species Anopheles quadrimaculatus, An. darlingi shows characteristics of a panmictic species with little population structure on a continental scale (Perera et al. 1995) . Mirabello and Conn (2006) studying An. darlingi showed that the inference of range expansion was well supported but isolation by distance was not. Isolation by distance and the low nucleotide diversity observed in Central America populations of Anopheles albimanus and low nucleotide diversity in An. darlingi could be due to small effective migration rates and effective population size, and/or genetic drift (Merida et al. 1999 , Molina-Cruz el al. 2004 .
The analyzed An. darlingi populations of Porto Velho did not showed population structuring. The same pattern of haploype distribution was observed by Molina-Cruz et al. (2004) in An. albimanus populations from Central America. Mitochondrial analysis could only differentiate populations from South America (Colombia and Venezuela) and Panama from those collected in Central America. Weak isolation by distance from these populations was only found with microsatellites (MolinaCruz et al. 2004) . Also microsatellites detected isolation by distance in An. darlingi from central and western Brazilian Amazon. In this study, Scarpassa and Conn (2007) showed that populations at distances ≤ 152 km presented high gene flow. Most of these studies were performed with mosquitoes collected over wide geographical ranges (continental range). Our local study in Rondônia found non significant differences in mosquitoes collected only 30 km apart, perhaps due to the occurrence of few highly representative haplotypes.
There were no significant seasonal differences, except in the population at PT, which differed significantly between April and October. This may be of great importance for malaria transmission, because of the possibility of introduction of new parasite lineages depending on the time of year. Despite the fact that half of the haplotypes were exclusive to one period of the year, the absence of a significant difference also could be due to the highly representative haplotypes. The differences observed resulted from the presence of rare haplotypes that were not representative of the main population.
These data demonstrate the importance of molecular studies for characterizing populations of An. darlingi. Such studies can support the traditional methods of con- trol, especially regarding insecticide use, because of potential mosquito population or species-level adaptation. Knowledge of mosquito population dynamics could also be used to monitor the introduction of new lineages that may have different transmission competence. It is also clear that there is a need for discriminatory molecular tools to resolve local subjects of distribution of the vectors, tools that must be multi-locus because of the high complexity of the system. This is important for epidemiology, because new strains of the mosquito may be more efficient vectors or even harbor different strains of Plasmodium.
